Background Little is known about the potential benefit of skin self-examination for melanoma prevention and early detection. Objectives To determine whether skin self-examination is associated with reduced melanoma risk, self-detection of tumours, and reduced risk of deeper melanomas. Methods We used data from a population-based case-control study (423 cases, 678 controls) to assess recent skin self-examination in relation to self-detection, melanoma risk and tumour depth ( £1 mm; > 1 mm). Logistic regression was used to estimate odds ratios (ORs) and confidence intervals (CIs) for associations of interest. Results Skin self-examination conducted 1-11 times during a recent year was associated with a possible decrease in melanoma risk (OR 0AE74; 95% CI 0AE54-1AE02). Melanoma risk was decreased for those who conducted skin self-examination and saw a doctor (OR 0AE52; 95% CI 0AE30-0AE90). Among cases, those who examined their skin were twice as likely to self-detect the melanoma (OR 2AE23; 95% CI 1AE47-3AE38), but self-detection was not associated with shallower tumours. Tumour depth was reduced for those who conducted skin self-examination 1-11 times during a recent year (OR 0AE39; 95% CI 0AE18-0AE81), but was not influenced by seeing a doctor, or by conducting skin self-examination and seeing a doctor. Conclusions Risk of a deeper tumour and possibly risk of melanoma were reduced by skin self-examination 1-11 times annually. Melanoma risk was markedly reduced by skin self-examination coupled with a doctor visit. We cannot, however, exclude the possibility that our findings reflect bias or confounding. Additional studies are needed to elucidate the potential benefits of skin self-examination for melanoma prevention and early detection.
Summary
Background Little is known about the potential benefit of skin self-examination for melanoma prevention and early detection. Objectives To determine whether skin self-examination is associated with reduced melanoma risk, self-detection of tumours, and reduced risk of deeper melanomas. Methods We used data from a population-based case-control study (423 cases, 678 controls) to assess recent skin self-examination in relation to self-detection, melanoma risk and tumour depth ( £1 mm; > 1 mm). Logistic regression was used to estimate odds ratios (ORs) and confidence intervals (CIs) for associations of interest. Results Skin self-examination conducted 1-11 times during a recent year was associated with a possible decrease in melanoma risk (OR 0AE74; 95% CI 0AE54-1AE02). Melanoma risk was decreased for those who conducted skin self-examination and saw a doctor (OR 0AE52; 95% CI 0AE30-0AE90). Among cases, those who examined their skin were twice as likely to self-detect the melanoma (OR 2AE23; 95% CI 1AE47-3AE38), but self-detection was not associated with shallower tumours. Tumour depth was reduced for those who conducted skin self-examination 1-11 times during a recent year (OR 0AE39; 95% CI 0AE18-0AE81), but was not influenced by seeing a doctor, or by conducting skin self-examination and seeing a doctor. Conclusions Risk of a deeper tumour and possibly risk of melanoma were reduced by skin self-examination 1-11 times annually. Melanoma risk was markedly reduced by skin self-examination coupled with a doctor visit. We cannot, however, exclude the possibility that our findings reflect bias or confounding. Additional studies are needed to elucidate the potential benefits of skin self-examination for melanoma prevention and early detection.
Unlike most potentially lethal cancers, cutaneous melanoma and its precursors can be readily visualized. Consequently, skin self-examination provides a potential opportunity for early intervention or prevention. Substantial research has been invested in improving the public's ability to conduct skin selfexamination and detect early melanomas; 1-7 these efforts have been motivated by studies showing that the largest proportion of melanomas is detected by laypersons. [8] [9] [10] [11] [12] [13] [14] [15] [16] A myriad of skin cancer organizations and websites promotes skin self-examination, and many suggest specific examination frequencies to optimize early melanoma detection. Nevertheless, very little is known about the benefits of skin self-examination. A few previous reports have evaluated the influence of skin selfexamination on melanoma tumour depth, 8,15-17 but only one described skin self-examination in relation to melanoma risk. 18 We used data from a population-based case-control study 19 to assess the frequency of skin self-examination in relation to melanoma risk and tumour depth. We were also able to assess the association between skin self-examination practices and the modality of detection (i.e. who first detected the melanoma), as well as the association between modality of detection and melanoma depth.
Materials and methods
This study was approved by the Committee for the Protection of Human Subjects at Dartmouth College. Participants in this case-control study were enrolled between 1997 and 2001. The optimal number of cases and controls was determined using power analyses supporting a case-control study of atypical moles. All participants gave verbal consent for the interview and written consent for a study-related skin examination and for medical record release. Individuals with an incident diagnosis of first primary cutaneous melanoma (cases) occurring at ages 20-69 years were ascertained through the New Hampshire (NH) State Cancer Registry and assessed for study enrolment. Eligibility criteria included NH residence, a working telephone number, and ability to participate in an Englishspeaking interview. We sent a letter to the physician of record requesting permission to contact the patient. If an objection was not received within a month, a letter introducing the study was mailed to the case, followed within 2 weeks by a telephone call from the interviewer. Using this approach, we enrolled 444 of 579 (77%) potentially eligible cases; 15 (3%) were excluded at their physician's request, 26 (4%) could not be reached, 30 (5%) had died, and 64 (11%) declined to participate. Twenty-one enrolled cases were deemed ineligible; of these, seven had a previous diagnosis of melanoma, four had an unknown primary site, two had tumours of acral lentiginous histology, and for eight persons the diagnosis of melanoma was not definitive. Thus, 423 cases of first primary cutaneous melanoma were available for analysis. The median time between melanoma diagnosis and study enrolment was 24 months. Controls were ascertained from lists of licensed drivers obtained through the NH Department of Motor Vehicles and were selected at random to achieve a gender and age (in 5-year age groups) distribution similar to that of case subjects. To allow a separate study within the control group, controls were oversampled, relative to cases. Potentially eligible controls were NH residents with a working telephone and able to participate in an English-speaking interview. A letter introducing the study was sent to potential participants, followed within 2 weeks by a telephone call from the interviewer. We enrolled 684 of 1121 (61%) potentially eligible controls; 87 (8%) could not be reached, 13 (1%) controls had died, and 337 (30%) declined to participate. Of the 684 control participants, six were deemed ineligible due to a prior diagnosis of melanoma. Thus, 678 controls were available for analysis.
Study participants were assigned reference dates. For cases, the reference date was 1 year preceding the diagnosis. Controls were randomly assigned a reference date based on the distribution of reference dates in the case group. Most exposures, including sun exposure and sunburn, were assessed over the participants' lifetime up to the reference date. However, questions regarding skin self-examination captured this activity during the calendar year prior to the diagnosis ⁄reference year. This approach allowed assessment of usual practice during the most recent and therefore relevant time period.
To assess the exposure variables of interest, participants were asked, 'Did you ever (during the reference year) deliberately examine your skin other than your face?' Those who answered yes were also asked the following questions: 'When you examined your skin, did you pay particular attention to your moles?'; 'How often (during the reference year) did you examine your skin?'; and 'Did you use a mirror, for example, to see your back, when you examined your skin (during the reference year)?' We also asked participants, 'Did you visit a doctor or health care provider (during the reference year)?'
Among cases only, we assessed detection modality by asking: 'Who first noticed the mark on your skin that turned out to be the (first) melanoma?' Response categories were self, spouse, family member, friend, other (nonhealth professional) and health professional. Due to sparse data, spouse ⁄family member ⁄friend ⁄other were treated as one category ('other layperson'), resulting in three categories of detection modality: self, other layperson, healthcare professional. Following the interview, participants were asked to release medical records related to the melanoma diagnosis. Melanoma tumour depth was available for 378 cases.
Preliminary analyses included frequency distributions and descriptive statistics. T-tests and ANOVA were used to compare mean tumour depths. Odds ratios (ORs) and 95% confidence intervals (CIs) were computed from logistic regression models to estimate associations of interest. For analysis of melanoma risk as an outcome, skin self-examination was compared for cases and controls. The analysis of tumour depth as an outcome compared cases with a tumour depth of > 1 mm vs. those with a tumour depth of £ 1 mm. We chose these categories to approximate current TNM staging (< 1 mm, ‡ 1 mm) while increasing the number of cases in the reference group to stabilize the statistical analysis. The analysis of detection modality assessed each of the final categories (self, other layperson, healthcare professional) in comparison with all others combined. Observations with missing data were omitted from the analysis.
Factors associated with melanoma risk in our previous analyses 19 were treated as potential confounders [lifetime hours of recreational sun exposure and episodes of peeling sunburn from age 10 years up to the reference age, hair colour at age 20 years, eye colour, the presence of freckles at age 15 years, skin reaction to acute sun exposure (four levels), family history of melanoma in a first-degree relative, and the presence of atypical moles]. We found minimal evidence of confounding by these variables (OR changed < 15%), so the results reported here are based on age-and gender-adjusted models.
Results
Slightly more than half of cases and controls were male; most participants were aged 40-59 years. Overall, 55% of participants, including 53% of cases and 56% of controls, had examined their skin during the reference year. The data suggested that deliberate skin self-examination 1-11 times during the year prior to diagnosis, compared with none, might be protective (OR 0AE74; 95% CI 0AE54-1AE02), but the association fell short of statistical significance. There was no evidence of increasing benefit with more frequent examination. Using a mirror or paying attention to moles during skin self-examination, compared with not conducting skin self-examination, was not associated with melanoma risk (Table 1) . A comparably high percentage of cases (89%) and controls (90%) reported at least one doctor visit (reason unspecified) during the reference year, with no influence on melanoma risk (OR 0AE88; 95% CI 0AE59-1AE32). However, melanoma risk was halved (OR 0AE52; 95% CI 0AE30-0AE90) for those who conducted skin self-examination and visited a doctor (11% of cases, 18% of controls), compared with those who had done neither.
In analysis restricted to cases, 42% of cases were the first to notice their melanoma. For 29% of cases, the lesion was first noticed by another layperson (60% of whom were spouses) and for 29%, the melanoma was first noticed by a healthcare professional. Although the data suggested that detection by a layperson (other than the self) might reduce risk of deeper tumours, the finding was not of statistical significance (OR 0AE68; 95% CI 0AE40-1AE15). We found no evidence that self-or physician-detection reduced risk of a deeper melanoma.
Compared with cases who did not practise skin self-examination during the year prior to the melanoma diagnosis, cases who did were more than twice as likely to self-detect their melanoma (OR 2AE23; 95% CI 1AE47-3AE38). Cases who practised skin self-examination, compared with those who did not, were 60% less likely to have their melanoma first detected by another layperson (OR 0AE40; 95% CI 0AE26-0AE63), while the likelihood of first detection by a health professional was unaffected (OR 0AE98; 95% CI 0AE63-1AE50). Also among cases, women were twice as likely as men to self-detect the melanoma (OR 2AE09; 95% CI 1AE39-3AE16) and half as likely to have their melanoma detected by another layperson (OR 0AE45; 95% CI 0AE28-0AE71). Men and women were similar with regard to the likelihood of detection by a health professional (OR 0AE91; 95% CI 0AE59-1AE40). We found no association between age and any mode of melanoma detection (data not shown).
The mean melanoma tumour depth was 0AE68 mm among cases who practised skin self-examination and 0AE91 mm among those who did not (P = 0AE08). Among cases, risk of a deeper tumour was significantly reduced (OR 0AE39; 95% CI 0AE18-0AE81) for those who conducted skin self-examinations 1-11 times in the year prior to diagnosis ( Table 2 ). Risk of a deeper tumour did not decrease monotonically with more frequent skin self-examinations. Compared with cases who did not conduct skin self-examination, risk of a deeper tumour appeared to be lower for those who used a mirror and those who paid attention to moles during their skin self-examination, but the findings were not of statistical significance. Risk of a deeper tumour was not reduced for cases who saw a doctor at least once during the reference year, compared with no doctor visits (OR 0AE84; 95% CI 0AE40-1AE77), nor was it reduced for those who had conducted skin self-examination and visited a doctor at least once during the reference year, compared with those who had done neither (OR 0AE91; 95% CI 0AE31-2AE70). 
Discussion
Nearly all melanomas occur on the skin and the largest proportion is self-detected, offering an unrealized opportunity for prevention and early detection through skin self-examination. 20 Despite its potential benefits, only one previous report, a population-based case-control study in Connecticut, U.S.A., assessed skin self-examination in relation to melanoma risk. 18 The results of that study showed a protective effect of ever conducting a thorough and deliberate skin selfexamination, but the finding was difficult to interpret, in part because the timing and frequency of conducting skin self-examinations were unknown. 21 In this study, we found no overall association between melanoma risk and skin selfexamination conducted during a recent and relevant time frame -the year prior to melanoma diagnosis. Our findings suggested a possible reduced risk of melanoma for those who examined their skin 1-11 times during the year prior to diagnosis, but the 95% CIs were wide, and we saw no evidence of greater benefit with more frequent skin selfexamination. Skin self-examination would reduce risk of melanoma only if precursor lesions were removed by a physician, and in this study, risk was markedly lower for those who examined their skin and saw a physician during the reference year. Although it seems reasonable to infer that suspicious lesions were found during skin self-examination, brought to a physician's attention, and removed, we do not know the purpose of the physician visit, nor its temporal relationship to the skin self-examination. Also, high-risk precursors would be extremely rare among controls during a 1-year time frame. Thus, we cannot exclude the possibility that this finding reflects bias or the confounding influence of correlated protective behaviours, such as wearing sunscreen or protective clothing.
Our study suggested a markedly reduced risk of deeper tumours for those who conducted skin self-examination 1-11 times during the year prior to diagnosis, but there was no additional benefit with more frequent examinations. The lack of increasing protection reduces confidence in this finding, although conceivably, overly frequent examinations reduce sensitivity to subtle skin changes occurring over brief periods of time. A population-based case series in Queensland, Australia showed that melanomas were thinner for those who conducted a deliberate skin self-examination during the previous 3 years, 8 and a study in Italy found a reduced risk of thick tumours (> 1 mm) for those who practised skin self-examination during an unspecified time frame. 17 Neither of these studies, however, assessed the frequency of skin self-examination. A study of clinic patients in California and Michigan showed a reduced risk of deeper tumours for those who practised routine or thorough skin self-examination, or used a picture aid during the examination. 15, 16 The frequency of skin self-examination was not assessed in that study, but there was no association between tumour depth and the frequency of examining moles. Previous studies, [8] [9] [10] [11] [12] [13] [14] [15] [16] nearly all of which were institution based, [9] [10] [11] [12] [13] [14] [15] [16] indicated that the largest proportion of melanomas was identified by the patient or another layperson. Our population-based data, arising from a region with moderate melanoma incidence rates, indicated that 42% of cases had selfdetected their tumours. Remarkably similar results (44%) were reported from Queensland, 8 an area with the world's highest melanoma incidence rates. 22 Consistent with findings reported by others, [8] [9] [10] [11] 13, 14 the women in our study were more likely than men to self-detect their melanoma, and less likely than men to have their melanoma detected by another layperson. We also found that skin self-examination increased the likelihood of self-detecting the melanoma. However, similar to others, 8, 16, 17 we found no evidence that self-detection was associated with shallower tumours. A few previous studies have shown that self-detection may result in delayed melanoma diagnosis 10, 14 and possibly with deeper tumours. 23 Collec- Paid attention to moles during skin self-examination compared with no skin self-examination.
tively, this evidence suggests that self-detection may not mediate the protective association between skin self-examination and melanoma depth. Thus, as in the setting of skin self-examination in relation to melanoma risk, we cannot rule out the possibility that the inverse association between skin self-examination and tumour depth reflects the influence of bias or confounding.
Previous studies suggest that skin examination performed by a physician can reduce risk of a deeper melanoma. The case series in Queensland noted a decreased risk of thicker tumours for those who received a whole-body clinical examination in the 3 years prior to melanoma diagnosis. 24 Similarly, the study conducted in California and Michigan found shallower tumours for those who had a physician-conducted skin examination during the year before diagnosis, 16 particularly in men of age 60 years or more. In this study, we found no evidence that visiting a physician during the reference year reduced risk of a deeper tumour. However, our data reflect usual medical care over the course of a year in a populationbased sample, so the reason for the visits, the specialty of practitioners, and the nature of the physical examination were likely to be varied. In contrast to the reduced melanoma risk we observed for those who examined their skin and saw a doctor during the reference year, we found no evidence that these combined activities reduced risk of a deeper tumour among melanoma cases. We also found no evidence that melanomas were shallower when first detected by physicians. In several previous studies, 8, 9, 16, 17, 23, 25 including the population-based Queensland study, 8 melanomas detected by physicians were shallower than those detected by laypersons. A study in Connecticut 23 found that melanomas were significantly shallower when detected by a physician, compared with self-discovery. In the same study, tumours were shallower when discovered by a dermatologist, as compared with a nondermatologist physician. In addition, a study in Italy 17 noted a benefit for dermatologist detection, compared with any other mode of discovery. In our study, the absence of any benefit from physician detection may reflect a lower proportion of dermatologist visits by our study participants, reduced melanoma awareness among physicians, and ⁄or a decreased prevalence of skin examination during physician visits. Our analyses were based on self-reported skin self-examination data, but good concordance has been shown between self-reported and actual skin self-examination occurring during a recent time period. 26 The data for our study were collected 11-15 years ago. However, there have been no interim public health campaigns in our state dealing with either skin selfexamination or melanoma detection. Thus, it seems unlikely that skin self-examination practices or their relation to melanoma risk or tumour depth would have changed substantially over time. We did not ask participants whether they examined all areas of skin, but we did ask whether they used a mirror, a good surrogate for examining areas that are difficult to visualize. We also specified our interest in 'deliberate' skin examination, excluding the face (to eliminate examinations motivated by cosmetic concerns). Although we did not ask participants why they conducted skin self-examinations, most study participants who examined their skin reported paying attention to moles, consistent with concern about melanoma. Our assessment of skin self-examination targeted the most relevant time frame while excluding the diagnosis year. Other strengths of our study include the population-based design, the availability of extensive covariate information, and pathology confirmation of tumour depth.
In conclusion, our data, arising from a population-based study, suggest that skin self-examination, when conducted less than monthly but at least annually, may reduce melanoma risk and the risk of deeper tumours, but there was no evidence of linear trend in either setting. Melanoma risk was markedly reduced for those who combined skin self-examination with a doctor visit, but it remains uncertain whether this finding reflects removal of self-detected, high-risk lesions among controls, or possibly bias or confounding by other preventive behaviours. Skin self-examination increased the likelihood of self-detection, but this was not associated with shallower tumours, suggesting that self-detection is not the mechanism through which skin self-examination exerts protective effects. Further research is needed to enhance the potential benefit of skin self-examination in melanoma prevention, and to elucidate the cascade of events leading to the early detection of these highly visible tumours.
What's already known about this topic?
• Previous studies, most of which were clinic based, suggested that skin self-examination was associated with reduced risk of melanoma and of deeper melanoma tumours.
What does this study add?
• This study was population based.
• We assessed melanoma risk and melanoma tumour depth in relation to the frequency of skin self-examination during the year prior to melanoma diagnosis. • We also assessed skin self-examination in relation to self-detection of the melanoma.
